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@ Electronic device for damping the fuel level indicator instrument in a vehicle tank.

@ An apparatus (11) for indicating the fuel level in
a vehicle tank, comprising an electrical level trans-
ducer (Rx) located in the tank, an indicator device
(S) controlled by an electrical voltage and an elec-
tronic circuit (12), the subject of the present inven-
tion, comprising an input towards the transducer and
an output towards the indicator device, in which the
electronic circuit (12) comprises static switches (Int-
1, Int-2) controlled by a square wave generator with
an ON period which is short relative to its OFF
period, to alternately enable and disenable the con-
nection of a resistive-capacitive network (RC) be-
tween the input and output. Said network operates
as a filter for the variations produced by the float,
whereas the switches on the one hand produce a
real increase in the filter time constant (equal ap-
proximately to the ratio of the OFF time to the ON
time) and on the other hand ensure when under
stationary conditions that the measurement corre-
sponds exactly to a direct instrument-float connec-
tion.
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This invention relates to an electronic damping
device to be fitted to an apparatus of currently
used type for indicating the fuel level in a vehicle
tank.

As is well known, the instrumentation provided
on automotive vehicles consists in most cases of
instruments based on electrical operating princi-
ples.

An instrument comprising a transducer and an
analog indicator is widely used for indicating the
fuel level in vehicle tanks. Such an instrument is
easy to read, is highly reliable and is of low cost.

Most transducers used for fuel level measure-
ment comprise an electrical resistor in the form of
a conductor spirally wound on a straight support
having a length proportional to the tank height and
positioned perpendicularly within the tank. The
electrical connection facing the base is carried on a
sliding contact which is free to move along, the
entire support but is rigid with a float. The result is
that an amount of resistance dependent on the
position of the sliding contact or slider is connected
into the circuit, this resistance value being gen-
erally inversely related to the fuel level by virtue of
the connection to the float and hence by the effect
of the Archimedes thrust when liquid is present.

Other transducers of the so-called arm type are
also known, which convert the position of an arm
moved by a float into a rotation of a potentiometer.
The invention described herein can be associated
with any type of gasoline level fransducer, whether
of the described types or of other types based on
analogous principles.

The indicator instruments themselves mostly
consist of pointer indicators operated by the inter-
action between permanent magnets and variable
electrical fields generated by coils through which
electric current flows. Instruments comprising two
coils of cross-coil configuration are widely used
because of their insensitivity to feed voltage vari-
ations.

Such indicator instruments, fed with the battery
voltage, can be directly connected to the aforesaid
analog transducers, with considerable advantages
in that no calibration or mutual compensation for
temperature and/or feed voltage variation is re-
quired.

As however the fuel within the tank is sub-
jected to forces which tend to change its position,
such as when travelling up or down an incline or
around bends, or when under acceleration or sud-
den deceleration, the consequent splashing affects
the float rigid with the transducer.

This results in considerable oscillation of the
pointer on the indicator instrument, with conse-
quent annoyance to the driver in that he does not
known the true quantity of fuel still available.
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This problem is solved by damping the fuel
level acquisition system using an object, a principle
or a device the effect of which, noted by the driver,
is to oppose any too sudden variation in the instru-
ment pointer. The methods used to obviate the
phenomenon are basically of mechanical or elec-
trical type.

Mechanical solutions comprise either incorpo-
rating silicone friction devices into the moving parts
in order to introduce controlled friction, or encap-
sulating the float in a container to which the liquid
has access via a suitably sized hole.

Solutions of the first type involve the serious
risk of breakage of the component capsules of the
friction devices with resultant dispersion of foreign
matter into fuel, whereas solutions of the second
type, although considerably reducing the phenom-
enon, do not eliminate it totally. For this, small-
dimension holes would be required, but these
would present filling problems and could be easily
clogged by the debris present on the tank base.

Currently known electronic solutions comprise
connecting a low-pass filter circuit between the
transducer and the indicator.

Although the use of active electronic low-pass
filter circuits allows transfer functions of any type to
be implemented, they result in the loss of mutual
compensation for feed voltage and/or temperature
variations arising within the instrument-transducer
circuit.

In addition these active circuits have o be set
in order to assign the correct gain value for each
transducer-indicator pair, they are strongly affected
by battery voltage variations, and because they
unlatch the iteration of the two original components
they do not faithfully reproduce the float char-
acteristic.

An object of the present invention is to provide
an apparatus for indicating the fuel level in a ve-
hicle tank of the type and for the applications
stated heretofore, which reduces the problem of
oscillation of the indicator instrument to a very low
level, and which allows temperature and/or feed
voltage variations to be directly compensated be-
tween the transducer and the indicator.

A further object of the present invention is to
provide an apparatus which does not require set-
ting, which is insensitive to feed voltage variations,
and which maintains the float transfer characteris-
tics unaltered.

These objects are attained by an apparatus for
indicating the fuel level in a vehicle tank, essen-
tially comprising an electrical level transducer lo-
cated in said fuel-containing vehicle tank, an indica-
for device controlled by an electrical voltage and
an electronic circuit comprising an input towards
said transducer and an output towards said indica-
for device, characterised in that said electronic



3 EP 0 567 839 A1 4

circuit comprises a first static switch connected in
series between said input and said output, a sec-
ond static switch which connects to said input a
resistive-capacitive network consisting of a resistor
and a capacitor connected in series, a third static
switch which connects said capacitor to said output
via an adaptive node, and a square wave generator
with an ON period which is short relative to its OFF
period, said square wave generator being con-
nected to the control electrodes of said static
switches in such a manner as fo close said first
and said second static switch and to open said
third static switch during the ON stage and, com-
plementarily, to open said first and said second
static switch and to close said third static switch
during the OFF stage.

Further advantageous characteristics form the
subject of the dependent claims.

The structural and operational characteristics
and advantages of an apparatus according to the
present invention will be more apparent from the
description thereof given by way of non-limiting
example with reference to the accompanying draw-
ings, in which:

Figure 1 is an outline electrical schematic of one

embodiment of an apparatus according fo the
present invention;

Figure 2 is an outline electrical schematic of the

apparatus of Figure 1 provided with a differen-
tiating stage;

Figure 3 is an outline electrical schematic of the

apparatus of Figure 2 provided with a control
circuit for a fuel reserve indicator lamp;

Figure 4 is an outline electrical schematic of the

apparatus of Figure 3 provided with a further
connection circuit between the fuel reserve lamp
and the indicator device; and

Figure 5 is an outline electrical schematic of the

apparatus of Figure 4 provided with a feedback
circuit.

Figure 1 shows an apparatus 11 comprising an
electronic circuit indicated overall by 12, an indica-
tor device S and a transducer Rx.

The transducer Rx is of any known type com-
prising an electrical resistor which varies with fuel
level.

The indicator device S consists of two cross-
coils with their axes at 90° to each other. The two
magnetic fields generated by the currents which
operate the indicator give rise to a resultant force
which acts on a suitably magnetized armature.

This latter, free to rotate about an axis per-
pendicular to the plane in which the magnetic field
vectors lie, is rigid with a pointer which by moving
along a graduated quadrant provides a visual in-
dication on the basis of the voltage applied to the
indicator terminals. The indicator device S is
powered by the direct current battery voltage Vb.
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The electronic circuit 12 comprises three static
switches Int-1, Int-2 and Int-3, a resistive-capacitive
network composed of a resistor R and a capacitor
C, an adaptive node Op and a square wave gener-
ator Os.

The generator Os generates a square wave
which by way of non-limiting example lasts about
15 ms with an ON time of 1 ms (1/15 duty cycle).
This signal is fed to the control electrode of Int-1
and Int-2 and, after electrical inversion by a NOT
element Not-1, to control electrode of Int-3.

During its ON time, Int-1, located in the con-
nection line between the transducer Rx and the
indicator device S, is closed and the indicator S is
connected electrically to the transducer Rx for a
time of 1 ms.

Simultaneously Int-2, which connects the frans-
ducer Rx to the resistive-capacitive network RC, is
closed and the capacitor C charges through the
resistor R. The voltage across the capacitor C is
fed to the adaptive node Op which transfers it
unaltered to Int-3, which is open.

At the end of the ON time, Int-1 and Int-2 open,
whereas Int-3 closes. In this manner the indicator
support element is controlled by the voltage fo
which the capacitor C has been charged.

The circuit 12 operates as follows.

Under stationary conditions and during the ON
time the indicator S is independent of the elec-
tronic circuit 12 and its indication represenis a
direct reading as it is connected to the transducer
Rx. During the OFF stage the voltage memorized
by the capacitor C is applied to the indicator S.

Consequently when under stationary conditions
the same voltage is applied across the indicator S
during both the ON and OFf stages. As the fuel
level and consequently the voltage across the tran-
sducer Rx vary, the electronic circuit 12 undergoes
two fotally different types of behaviour, depending
on the dynamics of the variation.

If the level varies over a long time period, the
capacitor C is able to follow with only negligible
difference the variation in the voltage across the
transducer Rx with time, this voltage therefore be-
ing faithfully reproduced by the indicator S.

If however the level varies over a short time
period, the voltage across the transducer Rx varies
at a rate faster than that which can be followed by
the capacitor C. In this respect the charging and
discharging of the capacitor C are hindered not
only by the time constant due to the series connec-
tion with the resistor R, but in particular by the fact
that the capacitor is connected for only a fraction of
the fotal time.

Hence for practical purposes the electronic cir-
cuit 12 displays a time constant much greater than
that of the resistive-capacitive network RC without
the need to use large-capacity capacitors, with all
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the practical and cost problems which this would
involve. Usefully, in the embodiment of Figure 2
the circuit 12 further comprises a differentiating
stage controlled by the transducer Rx via a fourth
static switch Int-4. Said differentiating stage con-
sists of a capacitor Cd and resistor Rd connected
in series, and transfers the differentiation effect to
the input of the adaptive node Op. The control
electrode of the switch Int-4 is directly connected
to the output of the square wave generator Os, as
in the case of the switches Int-1 and Int-2.

In this manner during the ON stage, the rapid
feed voltage variations reach not only the terminals
of the indicator S but also the filter capacitor Cf.
The time derivative of these variations therefore
reaches the adaptive node Op, which in reality has
become an adder node.

The addition of the differentiating stage is ef-
fective when the infrinsic damping of the float of
the transducer Rx is adequate, such that the inher-
ent float variations are much slower than the bat-
tery variations.

Advantageously, in the embodiment of Figure 3
a "reserve" warning light L is also connected fo the
electronic circuit 12. The contact W contained with-
in the fuel level transducer is connected to the
voltage divider node formed frog two resistors R1
and R2. The voltage divider R1-R2 is connected fo
one of the two inputs of a comparator Oc via a fifth
static switch Int-5 in parallel with a diode D and a
filter network consisting of a resistor Rw and a
capacitor Cw. The other input of the comparator Oc
is connected to a reference voltage Vref, and the
output of Oc directly controls the lighting of the
lamp L. The control electrode of the switch Int-5 is
also directly connected to the output of the square
wave generator Os.

The contact W, which closes when the fuel
level falls below a certain predetermined signalling
threshold, connects the node of the voltage divider
R1-R2 to earth when closed, with the result that the
capacitor Cw discharges slowly by the effect of the
time constant provided by the resistor Rw and
increased by the fact that the capacitor Cw is
connected to the voltage divider R1-R2 only for a
fraction of the total time. When the voltage across
Cw falls below the threshold value Vref, the com-
parator Oc feeds a current to the warning lamp L,
which lights.

The filter circuit Rw-Cw connected to the com-
parator Oc and having high hysteresis, not shown
for simplicity, determines a delay in the lighting
and extinguishing of the lamp L relative to the
closure and opening of the contact W. This pre-
vents repeated lighting and extinguishing of the
lamp L resulting from the vehicle movement when
the level in the transducer is around the reserve
indicating threshold.
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The presence of the diode D makes said de-
lays substantially different in the sense that extin-
guishing takes place with less delay than lighting.
This is advantageous under certain conditions such
as when parking the vehicle on an incline, with the
fuel only slightly above the reserve level. Under
these conditions, on turning the key the warning
lamp could light unjustly, however when the vehicle
moves the level becomes correct, the contact re-
opens and the lamp is extinguished rapidly.

A further advantage of different delays is that in
typical town driving, the initial lighting of the re-
serve lamp would correspond in practice to the
theoretical threshold for static operation, whereas if
this function is not provided the lamp can light
even with 5-10 litres of fuel above the reserve level.

Usefully, in the embodiment shown in Figure 4
the two inputs of a combining circuit CC are con-
nected to the electrode of the warning lamp L and
to the node of the voltage divider R1-R2, whereas
the output of the circuit CC is connected to the
indicator S via a second diode D2 and a suitable
resistor R3.

The logic function performed by the circuit CC
is such as to prevent the pointer of the indicator S
from reaching the lower end of the scale if the
warning lamp is not alight. This prevents absurd
fransient situations occurring in which the indicator
S is in the lower end-of-scale position and hence
an empty tank situation, without the reserve lamp
lighting.

Preferably, in the embodiment shown in Figure
5 the square wave generator Os is controlled with
feedback from a differentiating stage connected to
the indicator S. This differentiating stage consists
of an operational amplifier Opd2 controlled by a
resistor Rd2 and a capacitor Cd2.

If substantial variations occur, and notwith-
standing the filtering of the voltage measured by
the transducer Rx and fed to the indicator S, the
operational amplifier Opd2 reduces the duty cycle
of the square wave generator Os by in practice
increasing the filtering time constant of the elec-
fronic circuit 12. In this manner the transfer be-
tween the indicator S and the transducer Rx is
governed by two time constants, the first for small
oscillations (typically 30 seconds) and the second
for large oscillations (typically 90 seconds).

In this manner by increasing the filtering prop-
erties of the electronic circuit 12, even transducers
with low hydraulic damping can be used with good
performance.

Claims
1. An elecironic damping device for an apparatus

for indicating the fuel level in a vehicle tank,
consisting of an electrical level transducer (Rx)
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located in said fuel-containing vehicle tank, an
indicator device (S) controlled by an electrical
voltage and an electronic circuit (12) compris-
ing an input towards said fransducer and an
output towards said indicator device, charac-
terised in that said electronic circuit (12) com-
prises a first static switch (Int-1) connected in
series between said input and said output, a
second static switch (Int-2) which connects to
said input a resistive-capacitive network (RC)
consisting of a resistor (R) and a capacitor (C)
connected in series, a third static switch (T3)
which connects said capacitor (C) to said out-
put via an adaptive node (Op), and a square
wave generator (Os) with an ON period which
is short relative to its OFF period, said square
wave generator (Os) being connected to the
control electrodes of said static switches (Int-1,
Int-2, Int-3) in such a manner as to close said
first and said second static switch (Int-1, Int-2)
and to open said third static switch (Int-3)
during the ON stage and, complementarily, to
open said first and said second static switch
(Int-1, Int-2) and to close said third static
switch (Int-3) during the OFF stage.

A device as claimed in claim 1, characterised
in that said electronic circuit (12) comprises a
differentiating stage (Opd, Cf) controlled by
said transducer (Rx) via a fourth static switch
(Int-4) and connected to the control electrode
of said fourth static switch (Int-4) if, such a
manner as to close said fourth static switch
(Int-4) during the ON stage and, complemen-
tarily, to open said fourth static switch (Int-4)
during the OFF stage, the output of said dif-
ferentiating stage being connected to the input
of said adaptive node (Op) via a capacitor (Cd)
and a resistor (Rd).

A device as claimed in claim 1, characterised
in that a contact (W), activated when the fuel
level in said tank falls below a predetermined
reserve level, is connected to the node of a
resistive voltage divider (R1, R2), said resistive
voltage divider (R1, R2) being connected tfo
one of the two inputs of a comparator (Oc) via
a fifth static switch (Int-5) and a resistive-ca-
pacitive network (Rw, Cw), said square wave
generator (Os) being connected to the control
electrode of said fifth static switch (Int-5) in
such a manner as fo close said fifth static
switch (Int-5) during the ON stage and, com-
plementarily, to open said fifth static switch
(Int-5) during the OFF stage, the other input of
said comparator (Oc) being connected to a
reference voltage (Vref), and the output of said
comparator (Oc) controlling the lighting of a
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warning lamp (L).

A device as claimed in claim 3, characterised
in that said electronic circuit (12) comprises a
combining circuit (CC) with two inputs and one
output, one of said two inputs of the combining
circuit (CC) being connected to said warning
lamp (L) and the other of said two inputs being
connected to the node of said resistive voltage
divider (R1, R2), the output of said combining
circuit (CC) being connected to said indicator
device (2) via a second diode (D2) and a
resistor (R3), said combining circuit (CC) per-
forming the logic function of preventing said
indicator device (S) from reaching its lower
end-of-scale position if said warning lamp (L) is
not lit.

A device as claimed in claim 1, characterised
in that said square wave generator (Os) is
controlled with feedback by a differentiating
stage (Opd2, Rd2, Cd2) connected to said
indicator device (S) in such a manner as to
reduce the duty cycle of the generated square
wave when the voltage provided by said elec-
trical level transducer (Rx) varies.
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